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‘kctivitated in memory in response to only part of the available data. This
candidate hypothesis is then assumed to be checked for consistency against
the remaining data. This latter process is called "consistency checking”.
Experiment 1 was performed to provide evidence that consistency checking
occurs during hypothesis generation. Subjects who retrieved and checked
hypotheses for consistency required more time to genmerate a hypothesis than
subjects who just retrieved hypotheses. Experiment 2 indicated that subjects
performed a task analogous to the consistency checking process faster than
subjects who retrieved and checked hypotheses for consistency. Experiment 3
was performed to provide evidence that consistency checking is a self-
terminating process. Subjects' latencies depended upon the position of a
disconfirming datum within a data set, supporting this conjecture. Although
some of the predictioms in experiment 1 were not supported, the results
generally confirm the existence of a high-speed verification process in

hypothesis generation. |\
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Consistency checking and Hypolthesis Geperation

il

The term “hypothesis generation" refers to the generation of ansvers or
possible explanaticons to account for a given sct of information which will be
referred to as "data". For exanple, @ physician 3enerates disease hypotheses in
response to a patients syaptoms and the results of diaqunostic tests. Gettys and
Fisher (in press) and Gettys, Fisher, and Hehle (i1978) have developad @
tentative model c¢f the hypothzsis gqeneration process. According to this wmodel,
hypotheses are first rvetrieved or activated within a semantic memory network
similar to that described bty Coilinz and Loftus (1975). Any hypothesis sa
retrieved is assuned to be subject to sone form of plausikality assesswent
which may reange  from  simple  semantic verification to complex processes
involving probablistic inference, depeading upon Llask demands and the

inportance of the problem. The purpose of the present series of experiments is
to provide evidence for the existence of & wminimzl form of plausibilaty
assessment whach is  assumed to be intimately tied to the retrieval of

tiypotheses in nultiple data problems.

Gettys, Fisher, and Mehle (1978) have described @ study which estimated the
nunber of activation tags a hypothesis node receives tefore it 1s retrieved as

@ possible hypothesis. For prolilems which 1involved three or six data, the

lhypotheses were estimated to be vetrieved using only two or three data,




respectively. These estimates suggest that some mechanisn or process must exist

to insure that the retrieved hypothesis is consistent with all of the available

Jata rather than just the data from which the hypothesis was retrieved. Ue have

g naned this proposed process “counsistency checking" and have wmade three
predictions concerning its operation 1in the overall hypothesis 4genevation
process. First, when consisteacy checking occurs 1n hypothesis generation, this

process should add time requived to generate = consistent hypothesis beyond

)

that required to retrieve @ hypothesic from semory. Secondly, consistency
checking is expected to be @ more rapid process thao hypothesis generation.

Thirdly, it 1is expected that consistency checking 1is a self-terminating
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[rocess.

According to ous theoretical analysis, the genevation of hypotheses which ave

consistent with @ set of data involves the operation of indepeadent retrieval
@and consistency checking processes. The relrieval process involves activation
of potential hypotheses in response to only part of the total number of data
presented in a decis:on problem. Any retrieved hypothesis is then assumed to be
checked for consistency @qainst the remaining data. If the retvieved hypothesis
is found to be cousistent with the remaining data, it will be emitted as a
response. However, 1f any Jdatum 1s found to be i1nconsistent with the retrieved
hypothesis, the entire process will be repeated until & consistent hypothesis

is found.

It the consistency checking process is independent from hypothesis retrieval,

it should be possible to elininale consistency checking from hypothesis

Jeneration by instructing subjecte to respond with the first rvetrieved

hypothesis suggested by & set of data irvespective of its consistency ("first
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hypothesis retrieval condition"). Hypothesis genevation data collected from
subjects given such instructions could then he compared to datan from subjects
instructed to generale consistent hwpotheses (“"consistent hypolhesis retvieval
condition”). We predict that subjects instructed to generate consistent
hypetheses will perfora @ hypothesis qeneration task slower tham subjecls
instructed to respond with the fivst retrieved hypothesis. This time difference
should be due to the occurence of the additional vetrievals and consistency
chbckiﬁg required to genevate & consistent hypothesis. In addition, it
predicted that this time difference will increase as @ function of the number
of data presented in the decision problem (data set size). This is expected to

occur for two reasons. First, as data set size increaces the average number of

. data which are checked for consistency will incresse. Thus, the amount of time

used for consistency checking will increase with data set size, adding
disproportionately to the time weeded to retrieve @ hypothesis frow wmewsory.
Secondly, the generation of consistent hypotheses may requive the vetrieval of
several hypotheses, some of which will be discarded as a result of consistency
checking. Since we believe that hypothesis retrieval involves only part of the
available data, 1t is expected thatl the probability of generating @ consistent
fiypothesis on the first reblrieval attempt will decrease as a function of data
set size. As data set size increases more retirievals will be necessary to
Jenerate @ cqnsistent hypothesis and these will add disproportionately to the
tine needed to retrieve a hypothesis as set size 1ncreases. For this sawne
reason we expect the number of ervors to increase as @ function of set size in

the "first hypothesis” retrieval condition, bul not in the “consistewnt

hypothesis" condition. Thus, we expect an  inleraction between these
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Instruction conditions and date set size Tor both KI and ervor dala.

Regression analyses predicting hypothesis generation reaction tise (RT) as &
function of sat size can be pevformed for toth the "first hypothesis" @=nd
"tonsistent hypothesis” instruction conditions. The slopes of the best-fitting
rejression lines can then be comparved. We predict that the slope of the Mfirst
hypothesis" retrieval instruction condition will te less than the slope of the
“consistent hypothesis" retvieval instruction condition. The difference in the
slopes of these 1lines will veflect how much tise 1s veguived to perform the
additional retrievals and consistency checking as set size increases and con be

used as a crude estinztion of the additiovial time reguived for these processes.

The second major consistency checkin? prediction 15 that 1t should be & wmore
rapid process than hypothesis aeneration. In @ semantic network model of nemory
(Collins and Loftus, 1975), concepls ave represented as nodes interconnected by
relational pathways. When @& hypothesis is retrieved fTrom such a network,
activation is assumed to spread from botly the nodes yepresenting the general
hypothesis categqory and from the data until several of these sources of
activation eeet at @ hypothesis node. Thie activated node would then become @
potential hypothesis. Thus, hypothesis relrieval may involve the activation of
potential hypothesis nodes by relational paths leading from the data and
qeneral hypothesis category wodes. However, in cansistency checking, the
hypothesis is alveady available in wemnory and only the relation pathways
leading to the data néﬁes rust be activated. Thus, consistency checking 1s

assumed to involve only the activation of velational information. From this it

follows that consistency checking should occur at & faster rate than hypothesis
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Jeneration.

This prediction can be examined by a task manipulation in which the time to
qenerate a consistent hypothesis (hypothesis generation task) can be coapared
to the time requived to pevform @ task which is snalogous to the consistency
checking process (consistency checking task). This latter task involves the
initial presentation of a hypothecis, Tollowsd by the presentation of a data
set. The subject then must decide if the hypothesis i1s consistent with the
data. fhis task can be considered anulogous to consistency checking since it
eliminates the hypothesis retrieval process and involves only the verification
of relational information betuzen the hypothesis and data. Ue expect that the

consistency checking task will ke performed Taster than hypothesis generation,

_ because the hypothesis generation task requives the additional relrieval

process. In addition, it 1s expected thatl the time difference between these tuo

tasks will increase as @ function of data set size since the averaje number of

ol

retrievals invelved in the generation of censisteat hypotheses is thought to
follow the same function. Thus, we predict @ task by data cet size interaction.
Regression analyses predicting hypothesis generation anwd consistency checking
RT as a function of setl size can also Le performed. It is expected that the
slope of the best fitting regression line for the consistency checking tusk
will considerably less than the slope of the hypothesis generation task. The
Jdifference between these slopes can also be wsed as a crude estimation of the
additional time needed for retrieval of a consisteat hypothesis since the
hypothesis aeneration task involves hypothesis retrieval while the consistency

checking tusk does not.

The final prediction wbout consistency checking 1s that 1t 1s @
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self-terminating process. If @ chsconfirming relationsinp is found between @

potential hypothesis and = single datum, the consistency checking process will
stop. This prediction is bhased on the efficiency of this type of search., If a
subject encounters @ Jdatum which 15 iwnconsistent with & hypothesis, the
hiypothesis 1s rendered inplausible and 1t is useless to continue 1o verify it
with the remaining data. This prediction can be examined using the same
consistency checking task as was used to estimate the rate of hypothesis
retrieval. If cownsistency checking terainates upon encounteriny a disconfining
hiypothesis, then the latency to render a hypothesis implausicle should increase
@s the ordinal position of the first disconfirming datum 1s increased in a set

at data.

Three experiments werce peiformed to verify these three wajor predictions.
Experiment 1 involved an 1nstructional mamipulation wheve subjects either
aenerated the first hypothesis sujgested by o set of datla or @ hypothesis which
was consistent with all of the sazme data. Experiment 2 involved a task
manipulation in which subjects either qenerated hypotheses or checked them for
consistency. Finally, Experiment 3 was designed to test the self-terminating
assunption by manipulating the position of a disconfirming datum within 3 set

of data.

An  initial scaling study was pecrformed to select a roughly homogencous set of

hypothesis generation problemss to be used in experiments 1 and 2.
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Materials. A total of 100 animal hypothesis generation probless were uged as
materials. All probleins consisted of characlersictics normally associzted with
different animals. The data 1vcluded such items as mode of locomotion, types of
appendajes, wative continent, food sources, color, and size. Twenty-five
problens were included 1in each set size (t, 2, 3, and 4 data). A1l the data

were selected by the seniov zuthor te sujqest a Taivly large nusber of animals.

Thus each probles could have several corrvect ansuwers.

Subvjects. Twenty-four University of Oklahoma introductory psycholeody students

served as subjects for class credit and were run in two groups of 12

subjects.

Frocedure. Suhjects were presented the hypothesis generaticn probless one at
o time by an overhead projector. The ovder of the problens was not randonmized.
The one datum problems were presented first, followed successively by the two,
three, and four datz problceas. The proklems were presented on @ screen and
subjects were qiven 60 seconds to write as many animals as they could which
were consistent with all the data presented on that trial. ATter &0 seconds the
experinenter stopped the group @nd moved to the wext problem. Subjects were

given a five minute break half way through the procedure.

Analysis. The totaul wumber of gqenerated hypotheses, the total wusber of

unique hypotheses, and the percentage of corvect and incorvect hypotheses were

tabulated for each of the 100 problems used in the study. These resulis were
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used to select the problemns for experiments 1 and 2.

Experinent 1

Experinent 1 was performed to provide evidence that consistency checking occurs
in hypothesis generation. Experiment 1 employed an instructional wmanipulation
designed to produce or eliminate consistency checking. In the "first

hypothesis™ 1nstruction condaition subjects were told to respond with the first
hiypothesis which was suggested by the data presented for a particular problenm
without concern for 1ts plausibility. Hypotheses generated in response to these
instructions should occur only as & result of the hypothesis rvelrieval process.

This 15 because subjects were asked to respond with the first hypolhesis which

~Was  activated by Lhe data. Consistency checking should not have been involved

since the generated hypotheses were not required to be consictent with &all of
the available data. In contrast, i1n the "consistent hypothesis” instruction
condition subjects were asked to generate hypotheses which were consistent with
all of the available data. This condition supposedly involves both the
operation of hypothesis relrieval and consistency checking, since subjects
would have to insure that any retrieved hypothesis was consistent with all of
the available data. The additional time required to generate a consistent
hypothesis over the awount of time requived to retirieve a hypothesis can be

attributed to the operation of consistency checking.

Mathod

Iesign. The basic dJdesign of experiment 1 was @ two by four mixed factorial.

Retrieval instructions were memipulated as a between-subjects variable with two




levels (first lypothesis wvs. cousistent hypothesis), lata set ci1ze was

manipulated as a within-subjects variakle with foue levels (1, 2, 3, and 4

data) and problems were nested witlan each level of set sire. Equal numbers of

male and female subjects were included within each vetrieval instruction
condition. Thus, sex was treated as an additional blocking variable in the
design. Perforaance was naeasured by reaction tise (RT) and error rates.

Reaction tine was derined as the time rvequired for a subject to generate a

4 hiypothesis following data onsel. Errors were measured by the correctness of the

qenerated hypotheses 1w lighkt of the data for a particular

it o ez L

problen.

Hypothesis generation problens. Forty-eight peoblems were used as stimuli for
the qeneration of hypotheses. All problems consisted of characteristics

nornally associated with different animals. Twelve problems of each sel size

(1, 2, 3, and 4 duta) were selected fraom those presented in the preliminary
scaling study on the bLasis of the percentage of covrect vesponses given for a
particular problea. To ninimize the nuskber of i1ncorrect hypotheses made in the
present study, the prolidems with the twelve highest percentage of correct
responses were chosen for each set size. Overall, the perceatage of correct

responses ranged from 100.0 to 85.7 percent.

In addition, there were four practice problems of each set size which consisted
of products and tndustries for which diffevent States are woted. The products

and 1industries were selected to suziest the vames of states which had a larqe

"

&

. §;¥ variety of keyboard charactevs in their names to familiarize subjects with the
] location of as many letters on the keyboard as possible before the presentation
b . of the experimental prohblems.

(I A i
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Subjects” aqenevated hypotheses under Instructions to either
respond with the first hypothesis which was sugqested by a set of data or to
respond with a hypothesis which was consistent with all of the data for 2
particular problen. In the "“first hypothesis" retrieval condition, subjects
were told to read all of the dula presented on @ given probles and then respond
with the first hypothesis which occured to them without regard for its
correctness or plausibility. In contrast, subjects assigued to the "consistent
fiypothesis” retrieval condition were told to read the data presented on a given
problen and then respond with a hypothesis which was consistent with all of the
Jdata. In the practice problems, & cansistent hypothesis was defined as a state
which was known for all of the product and industry data presented on a given
trial. In the experimental problems, a consistent hypothesis was an animal name
which had all of the awnimal chavracteristic data preseated on @ gqivea problem.
In addition, subjects 1n the consistent hypothesis condition were told to
generate specific vather than jdeweral wnimal naves. This was done because
higher order animal classes (i1.e. bard) were usually nol consistent with all of

the data in most of the prablems,

In both instruction conditions, subjects’ were told that they were being timed
and were given accuracy instructions in regard to the speed-accuracy trade-off
(Pachella, 1974). 1In thg first hypothesis condition, accuracy was defined as
responding with the first ﬁypothesis which was suagested by the data, while 1a
the consistent hypothesis condition, accuracy was Jdefined as responding with a

hypothesis which was consistent with all of the data.

i P A Y R
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Frocedure. Upon  entering the laboratory, subijects were seated at a Compucolor
model 8001 microconputer which preseated the entire experiment except for
instructions and collected all responses. First, the appropriate rvelrieval
instructions were given in the contert of the State practice probless. Once the
instructions were understood by the subject, the 16 practice problens were
presented in the same order for all subjects. When these were completed, the

instructions were rvepeated in the context of the experimental animal probiems

and these 48 problems were presented in a vandom order.

Both the praoctice and experimental problens were presented in a sieilar manner.
First, the dats was printed in the center of the computer screen so that it
could be read from left to right. AL this time a softwave clock started in  the
" computer. Suhjects were instructed to type their recponses as soon as they

thought af an appropriate hypothesis, and the first keystrike of their response

stopped the clock and measuved the lalency of hypothesis qeneration. All

subjects were forced to give an answer to all problems. Once the entirve

response had been typed and any spelling errors corrected, the subject pressed

the "shift" key to advance the proqram Lo the next probilem. This had the effect

of erasing the screen and producing a 1.5 second delay befare the next series

of data was presented. At wo time did subjects veceive feedback conceraing the

correctness of theie responses.

ibbgects.  Forty-erqht  University of Oklahoma introductory psycholody students

served ws subjects. Limited typina ckills were required of all subjects who

participated. Subjects were vandomly @ssiqned to one of the retrieval
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conditions wupon entering the laboratory. The data of an additional 17 subjecis
were discarded because of equipmrent fuilure, the inabilily to type, or becauuss

the subject was not a native speaker of Cnglish.

An  ANOVA was perfarmed on the trimeed means for each set size of @ subjects
latency data. Any individual Ri was excluded from these means if it was above
or belouw .75 standard deviations from the mean of @ll RTs within that set size.
This cutoff criterion was chosen because it usually eliminated only extreme
outlying latencies. This was necessary because subjects occasionally "drew a
blank” and had latencies loager than two ainules. Tha analysis resulted in  the
expected nain effects of instructions, F(1,44) = 8.48, MSe = 10.28, p < .01,

and set size, F(3,132) = 147.79, iSe = 10.38, p < .001. However, the

instructions by set size interaction was noi sigmficant, The means of both

instruction conditions for each set size are preseated in Table 1.

- — - " - -

-

Another ANOVA was performed on the mzans of the correctly answered problems of
esth set size. These means were used so the vesults of the preseat experiment

could be compared to equivalent datz oblained in  experiment 2. AJain, there

were sianificant main effects of insteuctions, F{1,44) = 4,95, MSe = J1.19, p <

.05, and set size, F(3,132) = 47.94, MSe = 5.99, p < .001, and the 1instruction

by set size interactian was not significant. Regression amalyses were perfovmed
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TABLE 1
TRIMMED NEAN REACTION TIME IN SECONDS AS A FUNCTION OF
INSTRUCTIONS AND SET SIZE IN EXPERIMENT 1

- - - - A - -

SET SIZE
INSTRUCTIONS 1 2 3 4
FIRST HYPDTHESIS 3:13 3J.92  6.76 4.38

CONSISTENT HYFOTHESIS 4.08 5.43 8.97 8.26

13
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on these means peedicting RT as a function of set size. The

resulting

correlations were .905 and .841 for the first and consistent hypothesis

conditions, vespectively. The slopes obtained from these analyses were then
used to estimate the exira time requived by consistency checking. The slope

obtained for the "fTirst hypothesis" condition was 1.49 second/datum while the

g N e T A AR M T T PR T PR

slope of the “consistent hypothesis" condition was 1.85 second/datum. The

difference, .36 second/datum, 1s an estimate of the extra time which the

S b

consistency checking process requires., The means of the correctly answered

probleas for both instiuction conditions and all set sizes are presented in

Table 2.

3
|
5
1

T st

Insert Table 2 zboul here

These means are also presented qeaphically along with the best-fitting

regression lines 1n Figure la.

The sigmificent set size effect is consistent with the results of Graesser and
Mandler (1978) who found that the time required to generate the name of a

Jdimension which 1s common to @ set of words increases as a function of set
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TABLE 2
MEAN REACTION TINE IN SECONDS OF CORKRECT HYPUTHESES
AS A FURCTION OF INSTRUCTIONS AND SET SIZE IN EXPERIMENT 1

- - " - - -~ - - o - o~ 1 o g

SET SIZE
INSTRUCTIONS 1 2 3 4
FIRST HYPOTHESIS FA2 X8y P78 728

CONSISTENT HYPODTHESIS .74  5.57 10.42 - 9.30
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Figure 1. Mean reaction time of correctly answered problems. A) Experiment !
for the "first" and "consisteat" instruction conditions, and B) Experiment ?
for the hypothesis generation and consistency checking tasks. Also shown are
the best-fitting regression lines for both instruction and task condirions.
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size. However, the present vesults show that KT does not 1ncrease mondtanically

with set size since the mean of set size four is actually lower thain that of
X set size three for both instruction confations. This was probably due to the
1 specific three-data problemns uscd 1n the experiment. Our conjecture aboul this
finding 1s that the three-data problems were qenevally wore difficult for our !

subjects than the four-data problems. This was an unfortunate result of ot

being able to use randonly selected data for each subjeci. Fixed data sets were
used to avoid the possibility that the same data would be presented to the same
subject twice and also because some random selections of animal characteristics
would have no cerrect ansuers (1.e. has wings, has four legs), or have correct

answers which @ typical subjyect would not know,

_ The significant 1asieucticn effect supportis the prediction that consistency

checking occurs during the hypolhesis retrieval process. However, the failure

5 to find & significant instructions by set size interaction 15 not consistent

with the prediction that disproportionately wmore velrievals and thus more

consistency checking will occur as sel cize increases. However, another result

was obtained which 1s consistent with ouwr prediction; the wnalvsis performed an

the nuaber of errors made within each set size condilion per subject resulted

in a significant set size effect, F(3,132) = 8,15, MSe = 1.06, p < .001. The

mean number of errors for set sizes 1 thvough 4 weve 1.25, 1.75, 1.79, and

2.29, respectively. However, the 1nstructions by set size intecraction was not

significant.
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gig This result is consistent with the idea that hypotheses ace retrieved using
gﬁg: only part of the data. If hypothesis vetvieval is based upon all of the datw,

SR

. irregardless of set size, than o constamt error rate would be expected across
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all set sizes. However, if retrieval is hased aw ounly part of the datz then it
would be expected that errors chould increase as @ function of set size.
Gettys, Fisher, and Mehle (1978) estinated that the wumber of data from which &
hiypothesis 1s retrieved increases disproportionately slower than data set size.
This means that the probability of & reirvieved hypolhesis being consistent with
all of the data will become smaller as data set size increases. Since the
probability of an error is @ positive function of the retrieved hypothesis
being inconsistent with part of the data, the number of errorc should increase

with set size.

In addition, mnmore ericors were made by the Tirst hypothesis condition (1.99)

than by the consistent hypothesic condition (1,55), but this difference did not

attain traditional levels of sigqnificance, F(1,44) = 2,94, KSe = 3.07, ¢ < .10,

This trend in the means alse 1s consistent with our prediction; subjects who do
not caonsistency check should qenavate more hypotheses which are inconsistent
with all of the data. The ervor data i1s consistent with the gprediction that
"first hypothesis™ condition subjects would have wmore errors as set size
increased, but is wot consistent with the prediction that “consistewt

hypothesis" subjects would have @ constant number of errors across set size.
Evidently, subjects in the "consistent hypothesis" condition did not always
check their ansvers for consistency, or did not have enough knowledge to

generate consistenl hypotheses,

The overall low error rate between the "fivst" and “"consistent" instruction

v

conditions also indicates that subjects in the "first hypothesis” condition

probkably engaged in some plausibility assessment before emitting their

e o
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responses. Thus, the i1nstruction manipulation was not completely successful  in

either producing or eliminaling the concistency checking process. The fatlure
to find a siamficant interaction between instructions and set size with the RT
data was also probably the vresull of the weakness of the instruction

manipulation.

Examination of possible actifacts. Awother possilile explanation of the
instruction effect is that subgjects in the "fivst hypothesis” condition tended
to repeat answers wmore oftew than in the "consistent hypothesis" cendition.
Collins and Loftus (1975) predict that & previously activated concept will be
relatively easier to reactivate than a won-activated concept. This would lead
to the prediction that a previously generated hypothesis would requirz less

tine to generate than a hypothesis which hzs been vetrieved for the first time,

" Loftus and Loftus (1974) and Loftus (1973} have found that repeated retrievals

fron the a category result in faster latencies than the first retrieval fros
the same cateqory. To test this prediction, the number of repested hynotheses
were found for each subject and enteved into =zn ANOUA. The rvesults showed that
fenales (13.37) made sigmificantly more repetitions than males (10.54), F(1,44)
= 5.01, HSe = 19.2, p < .05, but the instruction effect was not significant,
sugzesting that response repetition does not account for the observed

instructions effect.

Another possible explanation for the iwnstruction effect is that the
instructions given to the "consistent hypothesis" subjecis asked for specific
animal names vather than geveral catejories of animals while no  such

restriction was inmposed on the "first hypothesis" subjects, The vetrieval of

specific animal names may involve a more extensive memory search than the
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retrieval of general categories of animal (e.q. kird, fish, snake, etc.). If
this is true then i1t would be expected thot the ‘“consistent hypothesis”
condition would be slower than the “"first hypothesis" condition. First, the
nuaber of general animal vames aiven by each subject 11 both instruction
conditions were counted. An ANOVA performed on  these data vesulted 1n a

significant effect of instructions, F(1,44) = 10.44, MSe = 2.05, p < .01. The

mean nusber of general catezory oames for ithe “first and “consistent"

it b

hypothesis conditions were 8.25 and 5.42, ryespectively. In addition, wales
(5.58) produced significantly fewer general nzmes than females (8.08), F(1,44)

= 8.28, MSe = 9.05, p < .01. If the iastrucltion effect on RT was due to this

B s i e ST
"

difference in the nusber of geneval nanes, then it would be expected that there

would te a high corvelation between the number af geaneral nanes emitled and the

mean RT for each subject. However, the correlation betwszen Lhese mezssures was

- -.210 which is wot coavincing evidence TFor this arqument.

Therefore, the instruction effect can tentatlively be explained by the operation
" of consistency checking process, although the failure to find @ siguificant
;” instructions by set size interaction was disquieting. As previously meationed
this was probably due to the weak effect of instructions. In addition, there
may have not been large enouih data set sizes in the present experiment for the
interaction to be mamifest. In spite of this faillure, the instruction

manipulation did produce resulls predicted by the operation of consistency

checking 1in hypothesis generation.
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i Evperinent 2

Experiment 2 was desigued to demonstrate that coasiclency checking 13 @ more
rapid process th@n  hypothesis gewneration., This was done by cosmparing @
hypothesis generation tack to a consistency checking task, The hypothesis
qenevation task was identical to the “consistent hypothesis” instruction
: condition 1n experiment !. Agqain 1l was assumed that this condition involved
the operation of both hypothesis retrieval and consistency checlking as

Jiscussed previously. The consistency checking task 1involved presenting a

Lk Apon 5
"

hypothesis followed by the presentation of data. The presentation of &

hypothesis prior to the data eliminated the hypothesis velrieval process from
this task. After the dala was presented  the subject checked the data znd
fiypothesis for consistency and then made either a "yes" ar "ne" response

depending vpon whether the 11 of the dalsm was consisteat with the hypothesis.,

This “"consistency checking" task 1s analojous to the proposed consistency
checking process for two rveasons. First, the prasentation of the hypothesis
. ': elininates the hypothesis retrieval process, thus simulating the situation
i; ; where a hypothesis has been activated by other data. Secondly, the task
?; - involves only the semantic verification of semantic relationships betueen the

hypothesis and data.

Method

5 Design. Experiment 2 was a two by four mixed factorial design in which task

(hypothesis ageneration vs. consistency checking) was a between-subjects

:i ‘ variable and data set size (1, 2, 3, or 4 data) was a within-subjects variable.
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This desiqn was a “group-yoked" dosign. This design was tecmed “qroup-yoked"
because the hypotheses gemerated by the subjects in the hypothesis generation
task were presented to subjects 1n the consistency checking task. Thus the
subjects in the consistency checking tusk weve yoked to the correct responses
qiven by subjects in the hypothesis generation task. This yoking could not te
done at the individual level because a typical hypothesis generation subject
does not always qive correct wnswers to the problems. To eliminate this
problem, all of the correct ancwers for @ particular hypothesis genevation
problen were pooled and prescnted Lo comnsistency checking sub jects in the same
proportions as they were oriqinally qenoraled. Equal numbers of male and female
subjects were ncluded in both task conditions aud served as an addilional
blocking variable 1n the desiaqn. Ferforaamice was measured by the latency to
either generate & hypothesis or check @ hypothesis against a set of data in the
hypothesis gqeneration and cownsistency checking  tasks,

respectively.

served as subjects for class credit. The data of an additional 20 subjects
were discarded beacause of equipment failure, poor typiag skills, or because

the subject was not a native speaker of English.

Materiols. The <ame 48 hypothesis generation problems used in experiment 1
were also wused 1u the present experiment. In the consistency checking task
there were 48 "true" and 48 "false" problems. The same animanl  characteristic
data used 1n experinent; | were also used 1 the "true” consistency checking
problens. The hypotheses presented in the "true" coasistency checking problems

were the correct hypotheses generated by subjects who completed the hypothesis

\
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qeneration task using the same datau., Uifferent corvect hypotheses generated by

the hypothesis genervation subjects were presented to consistency checkiona

subjects in approximately the same proporitions as they had been emitted an the

hypothesis qeneration task.

An additional 48 "false" concistency checking problens were constructed to make
“yes’ and ‘no’ responses equally probable in the consisteancy checlking task.

Baoth the data and hypothéses uced in these "false" probless were selecled by
the experimenter. Tuwelve "false” problems were used for each data setl size and
one Jatum was chosen to be inconsistent with ihe hypothesis used 1n  each
problea. In the case of wmultiple data problems the position of the

disconfirming datum was counterbalanced acvoss different

S -5 et

. problens.

s Procedure. Since the hypotheses which were checked for consistency were
qenerated by subjects 1n the hypothesis generation task, 1t was necessary to
vun the hypothesi: genevation task before the coansistency checking task. The

procedure used in the hypothesis generation task was identical to that used in

the consisient hypothesis retrieval condition in experiment 1.

-? Sub jects 1n the consistency checking task were seated at a Compucolor model
8001 microcomputer which presented the entire experiment except for
instructions and also recorded all responses. Then 14 practice probleas were

{G; presented which involved the same data as used in expeviment 1, followed bty the
= 96 experimental animal 'broblens. In both the practice experimental problems,

subjects were told to nake a ‘yes’ response if the presented hypothesis was

consistent with all the data or a “no’ vesponse if any one datum was
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inconsistent with the hiypothesis.

A consistency checking traal began with the preseatation of a hypothesis which
was @ State name 1n the practice peoblems and an animal nane  in  the
experienental problems. This hypothesis rvesained o the screen until the
subject pressed the “space bar” on the conputer keyhonrd. At that time the
hypothesis was erased, followed by @ 1.5 secomd delay and the presentation of
the data. The subject then pressed either the "IV or “/" key to indicate either
a "yes" or “no" vresponse and ihe position of the “yes" and "no" keys were
counterbulanced across subjects. These keys were located ou the bottom row of
the computer keyboard and were chosen as response keys hecause they were widely

separated and subjects could easily keep their fingecs poised above these two

~buttons.  When o response was wade, the software clock stopped, and the

response was printed an the screen beneath Lhe dats and vemsined theve for a |
second interval. Finally, 2the screen was cleared and the aext hypothesis was
preéented. This procedure was repeated unlil all of the probless had bdeean

presented.

An  ANOVA was performed wusing the asean latencies of the corvectly answered
hypothesis geveration and "true" consistency checking piroblens, Eoth  main
effects of task , F(1,44) = 1569.61, MSe = 17.684, p < .0001, and set size,

F(1,132) = 44.84, MSe = 3.47, p € .Q001, were significant. In addition, the

task by set size interaction was sigqnificant, F(3,132) = 22.81, NSe = 3.47, p <

.0001. Regression analyses performed on the two task conditions predicting RI

24
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as a function of set size produced correlations of 738 and .938 for the

hypothesis generation amd consistency checking tasks, respectively. The sliopes
of the best-Titting lines obtained fram these analyses were 2,499 and 703 for
the hypothesis jenevation and consistency checking tasks, respectively. The
Jifference between these two slopes was 1.794. T(he mean RT’'s for both task

conditions across set size are preseanted in Table 3.

- - -~ "

- - o 1 " 1

" The same mean RT1°s along with their vespective hest-fitting regression lines

are presented in Figure 1b.

By comparing Figures 1a and 1b, it can be ceen that the y-intercept is
noticably greater for the hypolthesis generabion task obtained i1n experinent 2
than for the identical "consistent hypothesis" condition 1w experiment 1. This
difference wnay have been due to @ diffecence in typing skille betueen the
subjects in the two experiments., Subjects were allowed to sigqn up for
experiment 2 without having typing skills and only those subjects which ha& E]
great  difficulty in finding key localions were Jdiscacded. However, in

experiment 1, subjects were not allowed Lo siqn up unless they were familiar

with a typewriter keyboardQ

The sagnificant task effect demonstrates that a consistentcy checking task is

performed nore rapidly than a hypothesis generation task. The large difference
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TABLE 3
MEAN REACTION TIME IN SECONDS OF CORRECT HYPOTHESES
AS A FUNCTION OF TASK AND' SET SIZE IN EXPERIMENT 2

- S - -

SET SIZE
TASK i 2 3 4

HYPOTHESIS GENERATION 7.72  7.99 13.21 14.31
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in the y-intercepts between the taske 1s due to the differeant responses made by
the two aroups. The hypothesis generation task involved many diffecent keys on
the keyboard, while the consistency checking task involved only two. Despite
this difference in y-intercepts, it can be seen that the slope of the best
fitting regression line of the ceonsistency checking task 1s considerably lower
than that of the hypothesis generation task. This indicates that the amount of
tine needed to process one additional Jdatum was considerably qreater for the
hypothesis qeneration task thaw the consistency checking task. This result
provides support for the prediction that consistency checking is @ more rapid
process than hypothesis generation. In addition, the crude estimate of the
additional time vequired for consistency checking obtained in experiment 1

(.361‘second/datun) is also cownsiderably less than the estimate of the

_ additional time vrequirea for hypothesis vretrieval obtained in the present

experiment (1.798 second/datum). This difference in estimates is also
consistent with the prediction that consistency checking is & high-speed

verification process rather than @ mMmemory seavch process.

Experiment 3

Experiment 3 was performed to test the prediction that consistency checking is
a self-terainating process. This was done by varying the position of a
disconfirning datua within three datz consistency checking problems similar to

those used in experiment 2.
Me third

Design. Experiment 3 was @ within-subjects design where the independent

B AT T
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variable was the ordinal position of a Jisconfirming datum withan 2 series of

. three data (position 1, 2, 3 or wue disconTirming datum). Ferformance was ]
4 measured by the latency to determine whether a hypothesis was consistent or
inconsistent with all of the available data. Sex and "yes-n0" key positions
were also included in the design as a bhlocking and counterbalancing variahles,
respectively. In addition the position of the disconfirming datus was

counterbalanced for a given piroblem across subjects.

Subjocts. Twenty-four University of Oklahoma introductory psychology students

served as subjects for class credit. All were vandomly assigned to the

counterbalencing conditions.

o
|
@

i

¢ Matevials. Eighteen practice and sixty experimental consistency checking

 problems served zs materials, All consisted of a hypothesis and  three dJdata.

The practice probleas iuvelved checking counlries against producls and
industries, occupations ajuinst tools, and animals wgainst characteristics. The
experimental problens only involved checking occupations against tools and
animals against cheracteristics. Within each problen type there were 15
o problens in which the hypothesis was consistent with all the data and 1S
problems where one datum was inconsistent with the hypothesis. UWithin these
disconfirming problens, there were five problems with the disconfiming datum in

the first, second, and third positions.

Frocedure, Upon entering the laboratory, subijects were zeated at a Compucolor

----------

model 8001 microcomputer which presented the entirve expeviment and recorded all

vesponses. First, 1nstructions were jiven about the nature of the cowsistency

checking problens and the the practice problems were presented. Then the
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instructions were repeated and followed by the experimental problems. Koth the
practice and experimental problens were presented in the cane order for all
subjects. The procedure and instructions used in experiment J were similar to
those used in the consistency checking task used in  experiment 2. First, a
hypothesis was presented on the screen and renained there until the subject
pressed the “space bar". This erased the hypothesis and following a 1 second
dJelay the three data were presented in a vertical list so that they could be
vead from top to botton. The data remained on the screen until the subject
pressed either the "Z" or "/" key on the keyboard, depending upon whetheer their
response was "yes" or "ne" and which of these two keys represented these
vesponses. Then the response was printed on the screen and remaived there for 1
second, after which, the screen was cleaved and the next hypothesis was

presented.

fi within-subjects ANOVA was performed on the trimmed means obtaived for each
type of disconfiraing datus problem and the cowfirming problems for each
subject. Any individual RT was discacded if it was above or below .75 standard
deviations from the mean of the Jdistribution of all the RT’s for a particular
problen. The results of this analysis indicated @ significant effect of the
position of the disconfirming datus, F(3,80) = 10,91, MSe = 1948.13, p < .001.

The means of the first, second and third disconfirming datum positions were
2.78, 3.23, and 3.49 seconds, vespectively, while the meua of the confiraing or

true problems was 3.14 seconds. Tukey paivwise comparisons indicated that

position 2 and 3 problems were disconfivmed significantly slower thauwm position
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1 problems, t(1,60) = 3.53 and 5.57, respectively, error ters = 12,71, p < .05,

but posiyion 2 poolxlens were wolt  disconfirmed siqnificantly faster than
position 3 problens. Thus, as predicted, RT increased as a function of the
position of the disconfivming datum. This result 1s consistent with the
prediction that consistency checking 1s self-terminating. If consistency
checking were an exhaustive process then subjects should continue checking a
hypothesis after encountering a Jdiscoafirming datum. Houwever, the present
results suggest thal subjects stop consistency checking when @ disconfirming
relationship is found between & datum =amd a hypothesis. The nonsignificant
difference between the position 2 @nd 3 problems, however, su3jzest that some
subjects did tend to read the last datus, but evidently most subjects stopped
reading if the disconfirming datum was in the first position. Also of interest
was a regression nalysis performed predicting RT as a function of the position
of the disconfirming datum. The slope of the best fitting line was .35
second/datumn  which 1s remarkably close to the .34 second/datum estimate of the
additional time required for consisteacy checking obtained in experiment 1.

This result provides converging evidence that consistency checking is a more

rapid process than hypothesis retrieval.
Stiagary

In summary, the results of experiment 1 demonstrated that subjects who
vetrieved and checked hypotheses for consistency requived more time to genevate
hypotheses than subjects who just vetrieved hypotheses. This finding provides
evidence that consistency éhecking occurs in the hypothesis generation process.

However, the predicted i1nteraction between instructions and set size was not

found. We believe this failure was the result of an ineffective instructional




manipulation. Evidently, subjects in the "first hypothesis" condition
inadvertantly checked their responses for consistency since they did not naake
significantly wore errors than sukjects in the ‘“consistent hypothesis”
condition. In addition, subjects in the “consisteat hypothesis" condition did
not =always produce consistent hypotheses, especially 1w the lavger set sizes.
However, @ sinilar interaction was found in experiment 2 which involved a task
manipulation. This interaction demonstrated thal consistency checking is
performned auch nore rapidly than hypolhesis geweration. Finally, experiment 3

provided evidence that consistency checking is a self-terminating process.
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